ABSTRACT Objective: To compare two distalizing devices supported by palatal miniscrews, the MGBM System (MGBM) and the Distal Screw appliance (DS), in dental Class II patients. Materials and Methods: Pretreatment (T1) and postdistalization (T2) lateral cephalograms of 53 Class II malocclusion subjects were examined. MGBM consisted of 29 patients (16 males, 13 females) with a mean pretreatment age of 12.3 6 1.5 years; DS consisted of 24 patients (11 males, 13 females) with a mean pretreatment age of 11.3 6 1.2 years. The mean distalization time was 6 6 2 months for MGBM and 9 6 2 months for DS. Initial and final measurements and treatment changes were compared by means of a Student's t-test. Results: Maxillary superimpositions showed that the maxillary first molar distalized an average of 5.5 mm in the MGBM and 3.2 mm in the DS between T1 and T2; distal molar tipping was greater in the MGBM (10.3u) than in the DS (3.0u). First premolar showed a mean mesial movement of 1.4 mm, with a mesial tipping of 4.4u in the MGBM; on the contrary, first premolar showed a distal movement of 2.2 mm, with a distal tipping of 6.2u, in the DS. Conclusions: The MGBM system resulted in greater distal molar movement and less treatment time, resulting in more efficient movement than was associated with the DS; DS showed less molar tipping during distalization. (Angle Orthod. 2016;86:399-406.) 
INTRODUCTION
The use of noncompliance distalizing devices had become increasingly popular for correcting dental Class II malocclusion. 1 These appliances, which include the Hilgers Pendulum, 2 the Distal Jet, 3 and superelastic nickel-titanium wires, 4 were introduced in the 1980s. However, they presented two main negative effects: (1) anchorage loss in reaction to the molar distalization, 1 such as premolar mesial movement and flaring of the maxillary incisor, which could require additional time to be corrected during the fixed appliances therapy, and (2) the use of distalized molars as anchorage to retract anterior teeth, with the consequent high risk of relapse to the Class II molar relationship. 5 In order to increase anchorage resistance and avoid undesirable side effects on anchoring teeth, the use of mini-implants or miniscrews was introduced. 6 Based on their reduced invasiveness, ease of insertion and removal, the possibility of immediate loading, and their versatility, these devices were increasingly used, even in combination with distalizing devices. Paramedian and midpalatal insertion sites seem to be the most suitable for this purpose 7, 8 since they do not interfere with dental movement in the maxillary arch, even if they cannot be recommended in the presence of unerupted palatal canines. On the contrary, buccal interradicular sites may sometimes involve a specific surgical protocol to avoid root damage, require additional radiographic examinations, 9 and represent an obstacle to spontaneous retraction of premolars during distalization of the first molar until screws are inserted. 10 A recent meta-analysis 10 revealed that indirect skeletal anchorage showed a certain amount of anchorage loss at the premolar and incisor, whereas these side effects were avoided by those who used direct skeletal anchorage. For this reason, during recent years we have seen various modifications of distalizing appliances used in combination with paramedian miniscrews.
Dentoskeletal changes associated with temporary anchorage device (TAD)-anchored distalizing appliances have been described in the literature. However, comparisons between interradicular vs paramedian miniscrew insertion techniques are still lacking. Therefore, the aim of this study was to compare the dentoalveolar and skeletal changes between the MGBM System (MGBM) 11, 12 (interradicular miniscrews placement) and the Distal Screw appliance (DS) 13, 14 (paramedian miniscrews) in dental Class II patients. The null hypothesis was that both appliances would result in similar dental and skeletal changes.
MATERIALS AND METHODS

Sample Selection
A sample of 77 patients was retrospectively obtained by two board-certified orthodontists. All patients were selected according to the following criteria: N Skeletal Class I or mild Class II malocclusion and a bilateral full cusp or end-to-end Class II molar relationship; N Absence of protrusive profile or mandibular retrusion;
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N Nonextraction treatment, with mandibular crowding of less than 3 mm; N Mandibular inclination (SN/Go-Gn angle) of less than 37u; N Use of MGBM (Figure 1a ,b) or DS appliance ( Figure 2 ) during the distalization phase; and N Good-quality radiographs with adequate landmark visualization.
From the initial sample, 14 patients in the MGBM group and 10 patients in the DS group were excluded according to the defined criteria. The final sample consisted of 53 white subjects who were divided in two groups: 29 patients (16 males, 13 females) with a mean age of 12.3 6 1.5 years were treated with the MGBM, and 24 patients (11 males, 13 females) with a mean age of 11.3 6 1.2 years were treated with the DS appliance. Demographics of observation periods and observation interval are reported in Table 1 . Initial traits of the subjects in both groups were considered comparable ( Table 2 ). The average amounts of Class II molar relationship were 3.8 6 1.2 mm in the MGBM group and 3.0 6 0.4 mm in the DS group, with a mean overjet of 5.1 6 1.8 mm and 4.8 6 1.5 mm, respectively, at the beginning of treatment. Lateral cephalograms for all patients were available at two observation times: before treatment (T1) and after the distalization phase (T2). Demographics of the observation period and observation interval are reported in Table 1 .
Clinical Management
All patients underwent maxillary molar distalization therapy with two different appliances, the MGBM 11 and the DS appliance. 13 The mean treatment time was 6 6 2 months for MGBM and 9 6 2 months for DS ( Table 1 ). The end of distalization was signified by a slightly overcorrected Class I molar relationship in both groups. Dental and skeletal changes during fixed appliance therapy were not taken into consideration in order to highlight the differences between the two appliances during the distalizing phase.
Cephalometric Analysis
Lateral cephalograms for each patient at T1 and T2 in both treatment groups were standardized as the same magnification factor (6% enlargement). Cephalograms were hand-traced in random order by one investigator, with verification of anatomic outlines and landmark position by a second investigator. In case of disagreement, the structures in question were retraced to the mutual satisfaction of both. In instances of bilateral structures (eg, gonial angle, teeth), a single averaged tracing was made. A modified Gosh and Nanda cephalometric analysis, as described in a previous article, 16 was used. Cranial base superimpositions (CBS) were used to evaluate dentoalveolar, craniofacial, and soft tissue changes according to Bjork and Skieller. 17 The cephalometric analysis consisted of 26 landmarks, 11 angular and 16 linear variables for each tracing (Figure 3a ,b).
Maxillary superimposition (MS) 17 was needed in order to assess dentoalveolar changes, since they could be influenced by the forward growth of the maxilla ( Figure 3c ). The palatal plane and a perpendicular line were used as horizontal and vertical reference planes, respectively, for measurements.
Statistical Analysis
Normal distribution of the data was determined by exploratory tests (Shapiro-Wilk). In order to compare pretreatment cephalometric data, an independentsamples Student's t-test was used before treatment. No significant difference between the two groups was found. Mean differences and confidence intervals were also calculated for the treatment changes between T1 and T2. A Student's t-test was used to identify significant between-groups differences for each cephalometric variable between T1 and T2 using a statistical software package (MedCalcH Version 11.1.1.0, Mariakerke, Gent, Belgium). A Pearson correlation coefficient was also calculated to identify the statistical correlation between the two groups comparing dental measurements on cranial base superimposition and maxillary superimposition. Statistical significance was tested at P , .05, P , .01, and P , .001.
Method Error
Fifteen randomly selected cephalograms were retraced by the same author after a period of 2 months. No significant mean differences between the two series of records were found using the paired t-test. Dahlberg's Formula 18 was used to establish the method error. Ranges from 0.4 to 0.7 mm for linear measurements and from 0.5u to 0.8u for angular measurements were found. The reliability coefficients (r) 19 ranged from 0.94 to 0.98 and from 0.92 to 0.97, respectively.
RESULTS
Descriptive statistics comparing MGBM and DS groups before treatment (Table 2) did not show statistically significant differences in soft tissue, skeletal, and dental measurements.
Pretreatment to Postdistalization (T1-T2)
No significant sagittal or vertical skeletal change was detected between the two groups during the distalization phase (T1-T2). There was a slight opening of the mandibular plane angle in both groups, 1u (95% confidence interval [CI] 5 0.4, 1.6) in MGBM and 1.5u (95% CI 5 0.8, 2.3) in DS, but these differences were not statistically significant. The maxillary first premolar showed a mean mesial movement of 1.8 mm (95% CI 5 1.1, 2.7), with a concomitant mesial tipping of 4.3u (95% CI 5 1.6, 7.0) in MGBM, whereas distal premolar movement of 1.9 mm (95% CI 5 22.7, 21.1) and distal tipping of 8.1u (95% CI 5 210.6, 25.5) were noted in DS (P , .001). Accordingly, the maxillary incisor proclined 1.8u (95% CI 5 20.1, 3.6) in MGBM, whereas it did not significantly change in DS (20.3u; 95% CI 5 21.2, 1.7) during the distalization phase.
Overjet increased both in MGBM (0.8 mm; 95% CI 5 0.3, 1.4) and in DS (0.7 mm; 95% CI 5 0.2, 1.2), as did the overbite, which decreased both in the MGBM (21.0 mm; 95% CI 5 21.7, 20.3) and in the DS (20.8 mm; 95% CI 5 21.4, 0.7), but these changes were not statistically significant. Soft tissues did not show any significant change in both groups. The upper lip moved slightly forward relative to the E-plane in both MGBM and DS, whereas the lower lip was insignificantly retroclined in both groups (Tables 3 and 4) .
Comparison Between CBS and MS Relative to Maxillary Dentoalveolar Changes During Distalization-Phase (T1-T2)
No significant difference in vertical and angular measurements was detected in the maxillary molar, premolar, and incisor between CBS and MS. Only a slight difference in horizontal movements relative to the molar (CBS: 25.2 mm MGBM; 22.6 mm DS; MS: 25.5 mm MGBM; 23.2 mm DS) and premolar (CBS: 1.8 mm MGBM; 21.9 mm DS; MS: 1.4 mm MGBM; 22.2 mm DS) was noted, but these changes were not clinically significant (Tables 5 and 6 ).
DISCUSSION
Initial cephalograms revealed that patients in both groups were in general not substantially different, confirming that this study had a low susceptibility bias (Table 2 ). Both the MGBM and DS successfully distalized maxillary molar to a Class I molar relationship; however, the different designs of the appliances could lead to different dental movements. MGBM showed a greater amount of molar distalization (25.5 mm; 95% CI 5 26.4, 22.7) and less distalization time (6 6 2 months), which resulted in a higher efficiency of the MGBM compared with the DS (0.91 mm/mo vs 0.35 mm/mo); however, it should be underlined that a distalization with crown tipping can have less resistance to the movement, resulting in less treatment time, but can also be heading for greater anchorage requirements during the subsequent phase of fixed appliances therapy and major risk of relapse.
In fact, a significant distal crown tipping (210.3u; 95% CI 5 213.4, 27.6) also occurred, even if the subsequent use of buccal miniscrews during fixed appliance therapy in the MGBM group could lead to avoidance of the risk of relapse toward a Class II or anchorage loss. 20 On the contrary, DS showed greater distalization time 21 (9 6 2 months) and a smaller amount of molar distalization (3.2 mm), but a more bodily distalization (23u; 95% CI 5 24.8, 21.9), possibly as a result of the rigidity of the appliance, which, acting as the Distal Jet, 3 was able to direct the force in proximity to the center of resistance of the first molar exploiting the bayonet bend and telescopic rigid arms (Figure 2 ). However, the main difference between MGBM and DS was represented by the premolar movement (Figures 4 and 5) . MGBM, using an indirect skeletal anchorage, 10 could not provide absolute anchorage because of the low rigidity of the metallic ligatures, so that the premolar showed a small mesial movement of 1.4 mm (95% CI 5 0.7, 2.1) and the incisors showed a slight proclination of 1.6u (95% CI 5 0.3, 3.2) after the distalization phase. Moreover, Liou et al. 22 reported that the absence of osseointegration and the bone elasticity could lead to a certain mobility of the miniscrews, which, while not necessarily compromising the final outcome, 23 could result in anchorage loss regardless of whether the screws are indirectly connected to the anchorage unit. Similar findings were reported by Gelgor et al., 24 who showed 3.2 6 3.3 mm premolar mesial movement using a transpalatal bar on the premolar connected to a midpalatal miniscrew.
As stated by Grec et al., 10 only direct skeletal anchorage can provide absolute anchorage, and spontaneous distal premolar movement could also be observed. Accordingly, our study showed that premolars were distally pulled by the transseptal fibers during distalization of the first molar (22.2 mm; 95% CI 5 22.9, 21.6). However, unlike the first molar, the premolar showed a consistent distal tipping (26.2u; 95% CI 5 29.1, 23.4), likely because the transseptal fibers acted mainly on the dental crowns, leaving the root apex position substantially unchanged before and after distalization. Our findings confirmed the results previously described by Cozzani et al. 13 using DS (premolar distal tipping of 23.0u) and Sar et al. 25 (24.9u) and Polat-Oszoy 26 (26.8u) using the Bone Anchored Pendulum Appliance. Although only the premolar crown spontaneously distalized, this might facilitate the retraction of the premolar and canine during fixed appliance therapy. However, the use of direct anchorage in the DS group resulted in a major bulk of the appliance being placed in the palatal vault, and this could possibly result in speech-and oral hygiene-related problems.
Most of the articles dealing with molar distalization used CBS and the pterygoid vertical plane (PtV) line for measurements. Dentoalveolar effects of a distalizing device could be wrongly assessed by CBS in growing subjects; in addition, forward growth of the maxilla could lead to misleading results and represent a measurement bias. 27 For this reason, in our study dentoalveolar maxillary measurements traced by the CBS were compared to MS. No significant differences in vertical and angular measurements were detected (Table 6 ). Only a slight difference in horizontal movements relative to the molar and premolar was noted, so that CBS could underestimate the amount of molar distalization and overestimate the premolar anchorage loss, but these changes were not clinically significant.
The retrospective study and the analysis focusing primarily on the changes before and after the distalization phase can be considered weaknesses of this study. However, all patients treated with these mechanics were included in the study in order to avoid selection bias and the possibility of choosing some patients and screening out others, reducing the risk of influencing the final outcomes. Further long-term prospective studies should be conducted in order to confirm our results and to report data at the end of orthodontic treatment or long-term follow-up. Moreover, since mesial molar rotation is often present before treatment in Class II patients, another interesting topic to investigate might be the effect of buccal or palatal mechanics on molar rotation during the distalization phase based on analysis of data measured on plaster casts.
CONCLUSIONS
N The null hypothesis was rejected. N MGBM resulted in less distalization time and a greater amount of molar distalization than did DS. N MGBM resulted in more efficient movement than did DS during the distalization phase, but it also presented greater molar distal tipping, premolar mesial movement, and a slight incisor proclination. N Spontaneous distal drifting of the premolar and no substantial changes at the maxillary incisor were noted in the DS group. N No significant vertical changes were observed during distalization in either group.
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